ϩ thymocytes. We use a Millipore filters and cultured. novel technique that combines retrovirus-mediated To confirm that the thymocytes had been infected by gene transfer and fetal thymus organ culture to demonthe retrovirus containing the mutant MAPKK1 molecules strate that the MAP kinase cascade is required for differand that the mutant molecules were influencing the activation of the MAP kinase cascade, we performed myelin entiation of immature thymocytes from DN to DP cell.
Introduction of a cell surface reporter gene indicated that the efficiency of infection was in excess of 80% of thymocytes. T cell development involves a tightly regulated series of
The constitutively active mutant of MAPKK1 used in proliferation and maturation events that are controlled, this study, in which serine residues 217 and 221 were at least in part, by different forms of the T cell receptor both mutated to glutamic acid, has previously been (TCR) (reviewed by von Boehmer 1995). The transition shown to stimulate growth factor-induced neurite outfrom CD4 Ϫ 8 Ϫ double-negative (DN) to CD4 ϩ 8 ϩ doublegrowth of PC12 pheochromocytoma cells and proliferapositive (DP) thymocyte is dependent on the production tion of NIH 3T3 fibroblasts (Alessi et al., 1994 ; Cowley of a TCR␤ chain (Mombaerts et al., 1992a; Mallick et al., et al., 1994; Marshall 1994) . In contrast, the dominant-1993; Shinkai et al., 1993) that is expressed at the cell negative mutants used, in which one or other serine was surface as the pre-TCR complex in conjunction with mutated to alanine, inhibited both these functions ( Land, 1990). Both dominant-negative mutations gave 1995), a down-regulation of CD25 expression, an inducthe same phenotype, and we observed no additive effect tion of CD4 and CD8 coreceptor expression, and extenwhen they were used together. All data shown are for sive cellular proliferation.
the Ser-217 mutation. The intracellular signaling pathways activated at this key transition during thymocyte development are not well understood. It has been shown that the Src family MAPKK1 Mutants in TCR␣ Ϫ/Ϫ FTOC protein tyrosine kinase, p56 lck , is required for efficient TCR␣-deficient fetal thymus lobes were dissected on progression from DN to DP thymocyte (Anderson et basic protein (MBP) in vitro kinase assays. MBP kinase assays are a measure of the ability of activated MAP kinase to phosphorylate an exogenous substrate, and as such they directly measure the influence of the MAPKK1 mutants on MAP kinase activity (Alessi et al., 1995) . Thymocytes from the FTOC were lysed, and MBP assays were performed. As demonstrated in Figure 1 , thymocytes from FTOC infected with the retrovirus containing the dominant-negative MAPKK1 showed a 4-fold inhibition of MAP kinase activity relative to thymocytes infected with the empty vector. In contrast, thymocytes infected with the retrovirus containing the constitutively active MAPKK1 had a 3-fold increase in MAP kinase activity compared with thymocytes infected with the empty vector. These results indicated that the proteins encoded by these constructs were expressed and were biochemically active in thymocytes from the FTOC. but progression to DP cells was inhibited in the presence of the dominant-negative mutant ( Figure 3A ). More single-positive (SP) thymocytes were observed in lobes (Table 2 ). In addition, there was no difference in protein cultured with constitutively active MAPKK1 ( Figure 3A ; levels recovered upon thymocyte lysis among the three Table 1 ). These SP thymocytes appeared kinetically after groups. Propidium iodide analysis of the cell cycle status DP cells and did not express detectable levels of cell of thymocytes recovered from the three experimental surface CD25, CD3, or ␥␦ TCR.
groups confirmed that introduction of the mutant moleThere was no significant increase in total thymocyte cules did not affect proliferation ( Figure 4A ). In all three numbers in the lobes that had received the constitutively groups, although some increase in cell numbers had active MAPKK1 compared with the empty vector, sugoccurred compared with the number of cells recovered gesting that the constitutively active molecule had accelerated differentiation without increasing proliferation from a thymocyte lobe dissected on E13 (approximately Table 1). edly increased by dominant-negative MAPKK1 ( Table   Table 1 
